We examine the interrelationships between firms' efforts to leverage different types of intellectual property (IP) rights. While prior research has tended to view different forms of intellectual property as substitutes, we argue that they can also be viewed as complements. We motivate this argument by shifting the unit of analysis away from the level of a single invention to the level of the technology, product or firm. Using unstructured interviews, we develop hypotheses about the causes of IP complementarity. Specifically, we hypothesize that complementarity may result from common inputs into the management of IP within the firm, such as managerial attention to IP issues and organizational resources deployed for IP management. Our hypotheses are tested in the PC software industry with a seemingly-unrelated-regression (SUR) model, which provides support for complementarity between copyrights and trademarks in software, and suggests that this complementarity stems at least in part from our hypothesized common inputs into IP management. Our work addresses both the relative neglect of non-patent intellectual property rights and the disproportionate reliance on the IP-as-substitutes view in prior research.
INTRODUCTION
Firm strategy in the knowledge economy is increasingly aimed at generating rents from intangibles -at profiting from "Rembrandts in the attic." In response, management scholars have sought to understand how firms extract value from intangible assets, and have propelled the "appropriability mechanism" into our conception of firm strategy (Rumelt, 1984; Teece, 1986; Cohen et al., 2000) . The use of intellectually property (IP) has been long recognized by managers and scholars alike as an important means of appropriating value, and recent management research has focused particularly on questions relating to different patent strategies pursued by firms (Somaya, 2003; Ziedonis, 2004; Graham and Mowery, 2004) .
However, the almost exclusive attention given to patents in this literature has come at the expense of research on other types of IP. Because of this imbalance, research has tended to underplay the importance of non-patent forms of IP like trade secrecy, copyrights and trademarks, a view that does not square with reality. Patents have consistently been ranked among the least effective appropriability mechanisms in innovation surveys, especially in relation to secrecy (Cohen et al., 2000; Arundel and Kabla, 1998) . We also know that litigation in copyrights and trademarks, which are perhaps the most neglected in scholarly studies of IP strategy, is at least as frequent as patent litigation in the U.S. (Somaya, 2004) .
Earlier work has also largely ignored the relationships between different types of IP, in part because the field has concentrated so heavily on patents. Where these relationships have been implicitly considered in the literature, the underlying assumption has generally been that different types of IP are substitutes. This view is borrowed from economics and law, where it is based primarily on the relationship between patents and trade secrets (Friedman et al., 1991; Horstmann, et al., 1985; Teece, 1986) . Because patenting requires information disclosure, which necessarily vitiates secrecy, a substitution effect between different types of IP seems obvious. However, the possibility that different types of IP may act as complements, and if so under what circumstances, are questions that could fundamentally alter our conception of IP strategy, and therefore deserve greater attention.
Management scholars have long appreciated that individual appropriability mechanisms can interact with other firm assets or market dynamics, with powerful performance implications. Teece (1986) for example explored the relationship between appropriability and complementary assets, while Connor and Rumelt (1991) examined the tradeoffs between asserting IP rights against piracy and capitalizing on positive network externalities. But such systematic analyses of interactions have not been extended to different types of IP protection beyond the patent-secrecy tradeoff. In part, this omission is due to difficulties in seeing beyond the IP-as-substitutes view so long as one maintains the invention as the unit of analysis. In this paper, we argue that by shifting the unit of analysis to an aggregate level such as the product or the firm, the potential for recognizing the complementarities between different types of IP is unleashed. Hence firms may simultaneously leverage different types of intellectual property together to appropriate greater value from their knowledge assets, rather like finding Rembrandts and Vermeers together in the same attic.
The relative paucity of non-patent IP research may have its genesis in the non-availability of data, especially in contrast with the ubiquitous and rich data on patents (Griliches, 1990) . Our paper provides a workable solution to this "data problem" by developing litigation data to examine trademark and copyright use by firms. While prior work has studied a range of appropriability mechanisms through "innovation surveys" (Levin, et al., 1987; Harabi, 1994; Arundel and Kabla, 1998; Cohen, et al., 2000) , secondary litigation data has the advantage that it measures actual firm behavior in relation to IP. In addition, as we discuss below, firm-level copyright and trademark litigation data do not suffer from many of the limitations of copyright and trademark registrations data, which have made them less useful for research (Graham and Mowery, 2003) .
Our research is set in the software industry, where the variety of intellectual property protection used by inventors -patents, trade secret, copyrights, and trademarks -offers a uniquely promising setting to study complementarity and substitution in IP. Furthermore, the sudden legitimization of software patent protection in the early 1990s acted as an exogenous shock to the industry, spurring different firms to react in idiosyncratic ways to the changed circumstances. Our empirical methodology exploits this variation, allowing us to examine if the resulting shifts in firm behavior provide evidence for complementarity or substitution in intellectual property strategies.
COMPLEMENTARITY AND SUBSTITUTION IN INTELLECTUAL PROPERTY
The view of intellectual properties as substitutes is writ large in management research. Because intellectual property is a creature of the law, and because economists began analyzing IP protection quite early (Plant, 1934a,b) , it is not surprising that these disciplines had a strong influence on our understanding of the relationships between different types of IP. In the law, the substitutes view has been driven by the strength of precedent: in Kewanee Oil versus Bicron Corp. (416 U.S. 470 (1974) ), the U.S.
Supreme Court declared that trade secrets were appropriate for "lesser or different inventions" than patents. In their economic analysis, Friedman et al. (1991) disagreed with the Court's opinion, but nevertheless maintained the assumption that patents and trade secrets were substitutes.
An important contributor to the IP-as-substitutes view in research has been the dominant focus on patents, and researchers' routine practice of evaluating tradeoffs between patents and trade secrecy. The premise that patent rights and trade secret protection are natural substitutes has an influential pedigree in theoretical studies of appropriability (Kahn, 1962; Machlup, 1962; Horstmann, et al., 1985; Teece, 1986 ).
Both Kahn (1962) and Machlup (1962) propose that inventors choose trade secret as a substitute for patent protection to control information disclosure. Formalizing this logic, Horstmann et al. (1985) show that if firm profits are expected to fall due to patent disclosure, there is a reduction in the equilibrium likelihood of patenting, an outcome they suggest is the substitution of trade secrets for patents by the firm. Teece (1986) , a fountainhead for much of the recent research on appropriability strategy, also reinforces the IP-as-substitutes view by pointing explicitly to trade secrets as an "alternative to patents" (p. 287).
Consistent with these theoretical treatments, empirical findings have also persuaded management scholars to think about different types of IP as substitutes. In the Yale study (Levin et al., 1987) , the authors use correlations and factor analyses to reduce appropriability mechanisms to two dimensions, patent and non-patent (including secrecy), which appear to be used as alternatives. Harabi (1995) surveyed Swiss firms to evaluate the relative importance of patenting and secrecy, assuming implicitly that firms must choose between them. Using a Europe-wide survey, Arundel and Kabla (1998) found a negative correlation between the perceived effectiveness of trade secrecy and (product, but not process) patenting rates, a finding that is consistent with a substitutes view. Further, Arundel (2001) used data from the same survey to compare the use of patents and trade secrets in R&D-performing firms, under the assumption that these are substitutes.
Fundamentally, the IP-as-substitutes view can be traced to the prevailing practice of adopting the "invention" as the unit of analysis. When focusing upon a single invention in isolation, the use of one type of intellectual property is likely to decrease the marginal benefit obtained from using a second type.
For example, prior to 1992 it was thought that non-literal elements of software programs (such as menu organization) were adequately protected by copyright, and therefore additional patent (or trademark) protection offered relatively small benefits. Moreover, legal or practical considerations may preclude the use of some types of IP when the invention is already protected by others. The quintessential case occurs between patent and trade secrecy because the patent law requires the invention's disclosure, making it impractical (and possibly illegal) to simultaneously protect the invention as a trade secret (35 USC 112 (2005) ). The law also buttresses the IP-as-substitutes view for individual inventions, axiomatically assigning patents to protect only ideas, and copyrights to protect only expression (Baker v. Selden, 101 U.S. 99 (1879)).
The Case for IP Complementarity
While there is considerable support for the IP-as-substitutes view when we focus on a single invention at a fixed point in time, a more nuanced approach may be appropriate when one moves away from this unit of analysis. Fundamentally, such a move requires us to recognize that any technology or product may comprise numerous separately protectable technological elements (i.e. inventions). For example, HiddenMind Technology, Inc., a mobile-workforce software company, protected its ActiveUniverse® brand name by registering the trademark (SN: 75907093 in 2000), obtained a patent on the associated product idea (PN: 6442565 granted in 2002), and also enjoyed copyright protection for the software source-code. This example is by no means unusual. In prior work, Arora (1995) has highlighted how German chemical firms used patents and trade secrets to protect different elements in the firms' value chains. However, this study did not explore interactions between the firms' use of patents and trade secrecy, adopting a view that trade secrecy was more appropriate for tacit manufacturing know-how and patents for codified product inventions (a treatment suggestive of the "substitutes" view, but one which was adequate for the questions about licensing that were the focus of the study).
When examining intellectual property strategy broadly at the level of technologies, products, or even firms, IP complementarity is no longer limited by a choice between mutually exclusive appropriability alternatives. For example, while firms may be constrained to use either trade secrecy or patent to protect the same invention, they may use both simultaneously for separate related inventions.
Such opportunities are made even more explicit in the case of IP rights that cover different types of "inventions," such as patents and trademarks. For example, Teece (1986) describes how Searle (since acquired by Monsanto) protected its artificial sweetener Nutrasweet® both with patents (for product inventions) and with trademarks (for the brand name), and appropriated greater value as a result.
Moreover, the value generated (subsequently) by the firm's trademark use was a result, at least in part, of its successful use of patents to build up the Nutrasweet franchise.
The Nutrasweet example conforms to the classical definition of complementarity in firm strategies -increased use of one strategy (leveraging trademarks) generates greater benefits for the firm when another strategy (leveraging patents) is also employed (Milgrom and Roberts, 1990) . Formally, two types of IP can be said to be complementary when the cross partial of firm value "V" with respect to the use of both types of IP is positive (Arora, 1996; Athey and Stern, 1998) 
. By aggregating up our unit of analysis from the level of a single invention to the set of inventions in a particular technology, product, or firm, we demonstrate the feasibility of an IP-as-complements view. At the heart of this view is the idea that the leveraging of one type of IP for some inventions may generate higher firm value when another type of IP is also simultaneously leveraged for other related inventions.
Empirical studies also lend some support to an IP-as-complements view. In addition to the work by Arora (1995) discussed above, factor analyses done on the Carnegie-Mellon appropriability survey showed that several appropriability mechanisms often load together, suggesting complementarity at the level of the firm (Cohen et al., 2000) . Specifically, product and process patenting are shown to load on the same factor with "other legal," and in some cases with secrecy. Although the survey does not clarify whether "other legal" reflects legal intellectual property (such as copyright and trademark) or other areas of law (such as anti-trust and contract), the results cast some doubt on the IP-as-substitutes view.
To further understand the relationship between different types of intellectual property, and to inform our theory development, we conducted a series of interviews with experts in the field. We restricted ourselves to managers in firms included in our dataset, and contacted 25 executives identified as IP legal counsel or IP managers in 19 of the top 100 U.S. packaged software firms by revenue (2001) .
Only 16 of these executives were still employed at their respective firms, and 6 individuals (38%) at 5 firms agreed to be interviewed. These firms each had greater than $50 million annual revenues and 500 employees in 2001. Using open-ended unstructured interviews we asked each respondent whether software firms were likely to use different types of IP together in a complementary manner. We further investigated -to the extent that different types of IP were being used together -what factors might be driving the complementarity in IP. Our interview results are summarized in Table 1 .
[ Table 1 about here]
The responses to our questions were broadly supportive of complementarity in the use of different types of IP in software. Our respondents generally agreed with the premise that different types of IP were used together, using words like "it seems natural" (manager 4) or "it's not surprising to me" (manager 5).
Only one respondent (manager 3) from a firm known to be unfriendly to software patenting expressed some reservations (about allowing software patents), but seemed to agree that other companies behaved in this way because they "have created profit centers … to monetize their IP." One IP manager (manager 2) even described an evolution in thinking about IP at his/her firm, where different types of IP were initially viewed as separate, but are now managed in an integrated way.
These responses, and our deductive reasoning above, provide support for the possibility of complementarities between different types of intellectual property at the level of a product or a firm. We recognize however that IP substitution may be common at the level of a single invention, and that these invention-level effects could aggregate up to the level of the product, technology or firm. It may be that an increasing focus on using one type of IP to protect a product, or within a firm, may instead decrease the value provided by other types of IP. Therefore, while we argue that complementarity between different types of IP is feasible, we remain agnostic as to whether or not that will be the case. We therefore frame the following alternate hypotheses. 
Drivers of IP Complementarity
Our approach to complementarity in intellectual property is inherently exploratory, and is driven by the basic intuition that when we broaden our unit of analysis from the level of an individual invention, opportunities for using different types of IP together in a complementary manner become available.
Complementarity in firm strategies can be categorized into two broad types based on the mechanism through which the complementarities are generated -market-driven complementarity and production-cost complementarity. Market-driven complementarity is essentially caused by demand conditions, wherein the increased use of one type of strategy alters market conditions so as to increase the marginal value of also using another. For example, more aggressive patent protection may prevent the sale of close substitutes, thus helping a firm to raise product prices. Such a lucrative product is likely to attract copycat products sold illegally under the same brand name, which would in turn increase the value of a more aggressive trademark strategy from the firm. Lybecker (2003) uses a similar argument to conclude that stronger patent rights for pharmaceuticals are likely to elicit counterfeiting, and therefore require stronger anti-counterfeiting enforcement.
Another type of complementarity can arise when production costs decrease because interrelated strategies are deployed together, such as the cost savings generated by modern manufacturing strategiesflexible equipment, fast order processing, low inventories, fewer job categories -when used jointly in the firm (Milgrom and Roberts, 1990; Milgrom, Qian, and Roberts, 1991) . While such production-related complementarities may be driven by the inherent interactions between firm strategies, they may also stem from the use of common indivisible "factors of production" across multiple activities, which give rise to a form of scope economies (Chandler and Hikino, 1990) . For example, if an input used for leveraging one type of IP can also be employed to leverage another type of IP at relatively low additional cost, it may be more valuable for the firm to leverage both types of IP together, rather than each one separately -which by definition implies complementarity between these types of IP. By and large, our interviews provide strong support for this source of complementary in software firms' use of IP. Accordingly, and because we lack a means of directly testing for market-driven complementarity, we focus the balance of our discussion on key types of common inputs that are critical for effective IP strategy and management. We identified from the literature two such inputs that appeared especially relevant to IP strategy, which were also strongly highlighted by our interview respondents: (1) Management attention to IP and (2) IP-related organizational resources. One of the IP Managers we interviewed went so far as to identify both of these specifically as the drivers of firm behavior (manager 3).
Managerial Attention to IP
Herbert Simon (1947) first examined the implications of limited human attention capabilities for organizations and their administrators. Simon saw human attention as a scarce resource, one that contributes significantly to bounded rationality because individuals do not fully incorporate all possible alternatives or consequences when making decisions. Building on the work of Simon and subsequent scholars (Cyert and March, 1963; Weick, 1979; Cohen et al., 1972) , Occasio (1997) formulated an attention-based view of the firm, the central argument of which is that firm behavior can be substantially explained by the issues and answers focused on by its key decision makers.
Managerial attention can therefore be thought of as a scarce resource that is an input into firm decision-making, and thus into value-adding actions taken by the firm. Because attention-generating processes can be idiosyncratic and context-specific (Occasio, 1997) , they may be difficult for other firms to reproduce, and are therefore a potential source of sustainable rents for the firm (Peteraf, 1993) .
Moreover, as firm management begins to pay greater attention to a given issue -for example, IP management -managers also begin to acquire greater awareness about its potential ramifications. Accordingly, once managerial attention is focused on IP-related issues and awareness about IP is developed, firms may find it cost-effective (especially in relation to information costs) to leverage multiple forms of legal IP, where previously these potentially value adding strategies may have been ignored by the firm. This is an illustration of classic common-input scope economies that can lead to complementarity in IP strategies. Inherently, this explanation assumes an evolutionary process, whereby firms discover sources of value by imperfect search and discovery (March, 1991) . But, having focused their attention on IP, firms are able to uncover opportunities to profit from on multiple related IP assets through low-cost "local" learning.
We find considerable support in our interview responses for the role of managerial attention in generating IP complementarity. Several respondents discussed the evolution of IP management at their firm, whereby increasing attention to IP and IP strategies in the firm gave rise to "thinking about these issues holistically" (manager 6). Other managers described this process as one where "the organization and the management has [sic] become more sophisticated about [IP] issues," (manager 2) and one that "sensitize [d] business managers inside the company on [sic] IP issues" (manager 1). In each case, the increased attention to IP strategy among firm managers was presumed to result in the use of different types of IP in a complementary manner. As one IP manager put it, "if a … company begins using trademark, it is much easier to begin using patent and copyright" (manager 1).
H2: The use of intellectual property rights as complements may be driven by greater attention to intellectual property by firm management.

IP-Related Organizational Resources
A second factor highlighted by our interviewees is the development of firm-level expertise in the area of IP law and IP management, which was reported by them to be an important organizational resource for conducting IP strategies. This factor was described variously as the hiring of "in-house counsel with expertise in IP" (manager 1), the "increasing sophistication of [the company's] IP legal department" (manager 2), or even the "legal department theory" (manager 3). One contribution of marshalling these organizational resources appears to have been to "sensitize" or "evolve" managerial attention towards IP-related issues and strategies, as discussed above. In addition, the ability of IP experts to manage and leverage IP by virtue of their own domain knowledge and by educating firm management was also recognized (managers 1 and 2). IP expertise may therefore be viewed as a somewhat sticky (or specialized) organizational resource that can generate value for the firm in conjunction with its associated unique invention assets (Lippman and Rumelt, 2003) .
Because IP attorneys tend to have broad training and expertise that spans the IP domain, this organizational resource may be leveraged across multiple types of IP. For example, the same attorneys who identify opportunities for adding to the firm's patent portfolio may also design copyright or trademark strategies to fight piracy and counterfeiting.
1 As our respondents put it, " [l] awyers throw all the tools in the box at you" (manager 4), and "I would naturally expect that if a company is trading in one type of IP it will value all types … [l]awyers will use what they have on hand: if a tool is available, the tool will be used by the company" (manager 2). Some elements of IP expertise may be obtained by using outside counsel (manager 1), but there are contractual impediments in transacting for a service that is necessarily company-specific and also highly strategic (Williamson, 1985 
SOFTWARE AND INTELLECTUAL PROPERTY
The packaged software industry in the U.S. had grown to nearly $70 billion in revenues by 2001.
2 During the 1980s, swift adoption of the desktop personal computer (PC) created a fast-growing need for specialized PC software, which was met mostly by specialized market entrants like Microsoft and Adobe Systems. Software is somewhat unique in that all four major types of intellectual property -patents, copyrights, trade secrets, and trademarks -are commonly used for appropriability in this industry. While trade secrets are protected against misappropriation by state laws, federal laws provide the property rights entailed in patents, copyrights, and trademarks, these latter being the focus of our analyses.
Federal trademark protection is primarily used in this industry to protect identifiable logos and brand names associated with a software company or its product. Trademarks protect some of the most valuable assets of software companies -for example, the Microsoft brand name alone was valued at $59.9
Billion in 2005 (Berner and Kiley, 2005) . Software firms use copyrights primarily to protect the written code in their programs from literal copying. While copyright protection was extended to software by the U.S. Congress in 1980 (Samuelson, 1984) , software's patentability is an even more recent development in the U.S., established primarily by changes in patent office practices and case law in the courts. While there is debate about when the trend actually began (see Graham and Mowery, 2003) , the creeping institutionalization of software patenting in the 1980s was solidly in place by the early 1990s (Department of Commerce, 1992) . The early 1990s were more generally a key turning point in the legal treatment and firms' use of software intellectual property. Along with the increased acceptance of patents, copyright protection was also curbed by the courts, thereby increasing the relative rewards to patenting. 3 The changing intellectual property environment for software in the 1990s was reflected in the rapid growth of software patenting and patenting per R&D dollar, even in comparison to the overall growth rate of patenting across industries in the U.S. (Graham and Mowery, 2003) .
DATA AND METHODS
Data and Sample
Defining the boundaries of "the software industry" is a notoriously thorny challenge because software is a general-purpose technology used in a wide range of applications. We focused our attention on the (IBM) PC packaged software industry, and included all top-100 firms in this segment from 1985 to 1999 (by revenue, obtained from a commercial firm, Softletter). This industry definition has the advantage that PC software firms tend to be software specialists, which enables us to identify "software IP" by observing the identity of the firm. During this period, the majority of these firms were highly focused on the PC market -Softletter's criterion is that firms on its list generate at least 50% of sales from PC software. Our sample of firms contains virtually all the significant firms in this industry -for instance, the smallest firm in 1999 had revenues of only $ 4 million.
We identified all copyright, patent, and trademark litigation involving the firms in our sample by matching on firm names, using IP litigation data from the Federal Judicial Center (FJC). 4 Since the data on firms' uses of all types of IP were obtained from the same source and identified using the same techniques, biases stemming from idiosyncrasies of different data sources or sampling techniques are minimized. Mergers and acquisitions among firms were also tracked to ensure that ongoing litigation was assigned to the correct successor firms. Figure 1 charts the trends in patenting and patent litigation 1985-1999. Consistent with the changes affecting software IP, both patenting and patent litigation experienced a many-fold increase in the 1990s. However, the software firms in our sample are defendants, not plaintiffs, in the majority of these suits. Further, Figure 2 illustrates that the increase in copyright litigation is no less dramatic than patent litigation, and begins from a much higher base (48 copyright suits in 1990 as against 7 patent suits). Similarly, there has also been a substantial rise in trademark litigation for PC software firms in the 1990s, again starting from a somewhat higher base. Thus, while widespread patenting has been heralded as an important shift in the software industry, the growth in use of copyrights and trademarks has been no less remarkable, at least in the PC packaged software industry.
[ Figure 1 and Figure 2 about here]
To examine our central question, whether there is complementarity between firms' use of different types of IP, we focused on copyrights and trademarks, employing litigation data to measure the firms' "use" of these protections. 5 Litigation data have significant advantages over data derived from copyright and trademark registrations for studying IP use by firms. Copyrights accrue to the inventor by the mere act of "fixation" (writing the software code), and copyright registration is a relatively insignificant act, except in the event of litigation. 6 The direct costs of registration are also very low (a 5 We exclude patent litigation data in our analysis because, unlike copyrights and trademarks, the majority of patent suits in our data were filed against PC software firms, which cannot reasonably be described as a use of patent rights by these firms. Once these suits (and retaliatory actions) are dropped, we are left with only a very small number of cases initiated by our sample firms. However, as noted in the text below, patents and in particular the increase in patenting in the 1990s, play an important role in our empirical findings.
two-page application form and a filing fee of $30), and there is no examination of the registration itself (thus a software program may be registered as a single or as multiple copyrights). Further, because there is no compelling incentive to register copyrights early, there is often a random bunching of registrations over time. For these reasons, copyright registration data tend to be extremely noisy (Graham and Mowery, 2003) . Trademark registration is also relatively low cost (about $1000, including legal costs), but while an examination is required to evaluate whether the mark is valid, trademark registration data suffers from many of the same drawbacks as copyright. Trademarks are likely to be registered as a matter of course, and registrations may merely reflect the creation of new marks by the company rather than any concerted effort to capitalize on the protection offered by the property right. By contrast, litigation data provide a useful alternative measure of IP use, because the costs of trademark and copyright litigation are non-trivial, and litigation clearly reflects a choice to leverage the firm's property rights for strategic gain.
In addition to IP litigation data, we collected copyright count data from the Library of Congress, patent applications, trademark filings, and a count of registered patent attorneys employed by each firm from the United States Patent and Trademark Office (USPTO), along with public accounting data for our firms from Research Insight®. The Softletter-100 lists also provide data on founding years, annual revenues and employment for each firm, which supplement the Research Insight® data. After accounting for missing data, we are left with an unbalanced sample of 88 software firms over the time period [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] . Since many of the changes in software IP use occurred in the early-to-mid 1990s, and we employ panel data statistical techniques, this time frame is an ideal one with which to study our research question.
Statistical Methods
We evaluate substitution or complementarity between copyrights and trademarks by examining the extent to which firm decisions to leverage both types of IP "move" together. Ordinary cross-sectional regressions of one type of IP on another are inappropriate to this task. The estimates from such a model these damages are generally small compared with actual damages. Thus, registration is necessary as a prelude to litigation, but not otherwise. 17 U.S.C.A. Sections 411, 412, 504, 505 (2000) .
would be subject to omitted variable biases (Arora, 1996; Athey and Stern, 1998) ; that is, a firm's use of both types of IP may be correlated with other unobserved variables, thus producing a spurious complementarity (or substitution) finding. To overcome this problem, we model the use of each type of IP separately using panel data techniques, and account for alternative explanations of IP use in each separate regression equation. To test for complementarity (or substitution), we stack these separate IP equations together and examine the residual correlation, or non-independence, between the unexplained errors. If these residuals are positively correlated, it suggests the existence of complementarity, whereas negative correlation suggests substitution. This is essentially Zellner's seemingly unrelated regression (SUR) model (Greene, 1997, pp. 674-703) , where copyright (C) and trademark (T) use are modeled (in vector notation) as follows.
We include firm fixed effects and year dummies to control for idiosyncratic differences between firms and years, and to mitigate omitted variable bias. Thus, we are accounting for inter-firm differences, and focusing exclusively on correlations between within-firm changes in IP use. Finally, we introduce each of our key independent variables (derived from hypotheses H2 and H3) to examine if they explain the observed residual correlation between the use of copyrights and trademarks within each firm. This approach is appropriate for understanding the nature and drivers of IP complementarity, which is our primary research interest. To avoid concerns about endogeneity and reverse causation we lag all the independent variables by one time period (year). Finally, we address left truncation at zero in our dependent variable by using a dummy variable for all such observations, a technique that has been employed previously to address similar concerns (Pakes and Griliches, 1980) .
Variables and Measures
Dependent Variables.
In our two-equation model, the two dependent variables are the use by firms of copyright and trademark, the measure for each being derived from litigation data. However, merely counting the suits filed in any given year (i) weights all IP suits equally, irrespective of their significance, and (ii) places all the weight of litigation on the year in which the suit was filed rather than distributing it over the life of the suit. We address these measurement issues by using the total suit-years of IP litigation in any focal year as the measure of IP use by a firm. We count the number of days for which each suit's docket was open in a given year, and sum these suit-days across all suits of the same type -copyright or trademark -for each firm. Finally we convert these days to years to obtain our suit-year dependent variables. For example, a firm i engaged in two copyright suits lasting the entire year t would produce a measure of 2.0 copyright suit-years for that firm-year observation (C it ).
Independent and Control Variables.
As described above, we measure substitution or complementarity (H1 and H1A) in firms' IP use by examining the correlation between the unexplained residuals in our model. We measure managerial attention to IP (H2) by using the level of patenting activity within each firm. From Figure 1 we can see that software firms significantly increased their patenting during the 1990s, possibly in response to the strengthening of software patents discussed earlier. Our interviews indicate that this move into patenting had the effect of sensitizing firm management to IP-related issues more broadly, and led them to focus on IP as a whole in a strategic manner. In software particularly, where engineers were widely opposed to patenting on philosophical grounds (Samuelson and Glushko, 1990) , pursuing patents was generally a choice made my firm management, and therefore reflects managerial attention to IP strategies.
Our measure for organizational IP resources (H3) is the number of patent attorneys employed by the software firm. We identified these by using the roster of patent attorneys maintained by the USPTO's Office of Enrollment and Discipline (OED). To become a patent attorney, a lawyer must have technology training (usually at least a bachelor of science) and pass a competitive patent bar examination. Therefore, patent attorneys are a well-defined group of highly qualified professionals, and we are confident in using the patent office's rosters to identify these workers and their employers because the OED requires that attorneys maintain their current address on file, and periodically conducts audits to ensure accuracy.
Failure to comply can result in a revocation of the attorney's license to practice at the USPTO.
In addition to these key independent variables, we also used a number of control variables that may otherwise account for changes in the use of copyrights and trademarks by a firm. These include firm revenues, firm age, number of employees, total assets, R&D expenditures, and pre-tax profits. We also employ a count of copyright and trademark registrations in the copyright-use and trademark-use equations, respectively. As discussed earlier, we also include a dummy variable for observations leftcensored at zero. All financial data are converted to 1990 dollars using a GDP deflator.
RESULTS
The descriptive statistics of our data are reported in Table 2 . We exclude the correlation table because our estimation is based on within-firm variation, whereas raw correlations are swamped by between-firm variation and are therefore not meaningful. The SUR model was estimated using Generalized Least Squares (GLS), the results of which are reported in Table 3 . Each run of the model is reported in a panel of two columns, corresponding to the copyright and trademark equations respectively.
The first pair of columns in Table 3 reports results from independent fixed-effects regression models for the copyright and trademark equations separately (Model(s) 1). Hausman's test for independence of the firm effects from the other variables is easily rejected, indicating that a fixed effects model, and not random effects, is appropriate for this sample. F-tests for the model as a whole are significant in all models reported in this paper.
[ Table 2 and Table 3 
about here]
Model 2 employs the same variables, but estimates the SUR -that is, it allows for correlation between the residuals. The estimated residual correlation in this model is positive, large (+ 0.31), and strongly significant (p < 0.01). This result demonstrates that after accounting for mean firm-level effects and control variables, higher (lower) within-firm levels of copyright use are associated with higher (lower) within-firm levels of trademark use. This positive correlation provides prima facie evidence for complementarity between software firms' copyright and trademark use (H1A is supported). We find no empirical support for IP substitution at the level of the firm (H1 not supported).
Model 3 estimates the SUR with the addition of our managerial attention variable (H2). The coefficient of this variable is large and highly significant in both the copyright and trademark equations.
Each additional patent filed by the firm is associated with 41.2 additional suit-days of copyright litigation and 6.9 suit-days of trademark litigation (each significant at the 0.01 level). At the same time, the correlation between the residuals in the SUR fell to 0.25, a large and statistically significant reduction (p<0.05; estimated by simulation). Thus, there appears to be strong evidence that firms which increased their managerial attention to IP strategy (proxied by patent use) also experienced significant increases in copyright and trademark use, and that this effect accounts for a significant fraction of the observed complementarity between the two types of IP (H2).
In Model 4 we omit the managerial attention variable while including our organizational IP resources variable. The coefficient of this explanatory variable is also large and highly significant in both
equations. An increase of one patent attorney in the firm is associated with 729 additional suit-days of copyright litigation and 168 suit-days of trademark litigation (again significant at the 0.01 level). As in the last model tested, there is a significant drop in the correlation between the residuals in the SUR (to 0.25). This result suggests that organizational resources used for IP management may also be a mediating mechanism that explains complementarity between copyright and trademark use in software (H3).
When we evaluate the full model (Model 5), we find that organizational IP resources do not have an independent effect in explaining IP complementarity. Indeed, relative to Model 3, we can even reject the hypothesis that the addition of this variable significantly increases the explanatory power of the model. In other words, it appears from these results that the effect of organizational IP resources is strongly correlated with the effect of managerial attention to IP. This finding is not entirely surprising, as our interviews suggest that a significant role of organizational IP resources was to focus the firm's attention on IP.
The Microsoft Effect
In our sample, one firm is unique because it dominates the PC software industry and exerts substantial control over PC standards. Microsoft's revenues in 1999 were 16 times larger than the next largest firm, and its profits were 20 times greater than the next most profitable firm. Naturally, we were concerned that Microsoft may be an outlier in our data, and that its IP behavior may also be idiosyncratic.
We therefore re-estimated our models after removing Microsoft from our sample (Table 4) .
[ Table 4 about here]
Dropping Microsoft from the sample has some effect on the magnitudes of our estimates, but does not fundamentally change their character. Upon rerunning the base SUR model (Model 2), we still find a positive and statistically significant correlation between the residuals (+ 0.26). Similarly, when we add our independent variables, managerial attention to IP and organizational IP resources, there is a statistically significant drop in this correlation (p < 0.05), and the coefficients of these variables are positive and significant (Models 3 and 4). Strikingly, organizational IP resources appear to play a more prominent role in explaining IP complementarity when Microsoft is no longer in the sample. When we rerun the full model (Model 5), the organizational IP resources variable is statistically significant in each equation (p < 0.05) and it significantly increases the explanatory power of the model as a whole. Moreover, there is a significant decrease in the correlations between the residuals (p < 0.05), our measure of complementarity, when this variable is added (to Model 3). This result suggests that with "smaller" firms (other than Microsoft) organizational resources may explain IP complementarity over and above managerial attention alone.
And, it is consistent with the view that in smaller firms, IP managers are less specialized in their work and therefore their expertise is likely to be leveraged across multiple types of IP, which may partly explain the observed complementarity. In the full model (Model 5), without Microsoft in the sample, we find that the residual correlation between the errors falls essentially to zero. It thus appears that all of the complementarity we observe between the leveraging of copyrights and trademarks in our sample can be explained by three factors -managerial attention to IP, organizational IP resources, and a Microsoftspecific complementarity effect.
As an additional sensitivity analysis, we also estimated the SUR model by dropping the top 25% of firms (by revenues). In this sample, we continued to find a statistically significant correlation between the unexplained residuals, suggesting IP complementarity (H1A), but the other independent variables had no statistically significant effect. This finding is consistent with other industry studies in which support for the theory is weaker among the smaller firms in the sample. Moreover, since over 95% of patents and virtually all patent attorneys come from the top quarter of PC software firms, it is not surprising that we were unable to find support for H2 and H3 in the rest of the sample.
DISCUSSION AND CONCLUSION
This paper is among the first to focus attention on the strategic use of non-patent forms of intellectual property. Our finding that copyright and trademark enforcement is many times more common than patent enforcement in the software industry underscores the need for more research in this vein. In this paper, we sought to understand whether different forms of intellectual property are substitutes, as is widely assumed, or if they may also be complements. This question is central to our understanding of how various intellectual property types are interrelated, and how the leveraging of these appropriability mechanisms drives firm performance. We advanced theoretical arguments to make the case that complementarity in IP is plausible, and found supporting evidence for complementarity in the leveraging of copyrights and trademarks by PC software firms. Our results suggest that firms may have simultaneously "discovered" hidden value in both these areas of IP, and thus we highlight an important managerial role in the acquisition and exploitation of intellectual property.
Complementarity in Intellectual Property
Different types of intellectual property have hitherto been typically thought of as substitutes.
This view has been bolstered by the inherent tradeoffs between the use of patents and trade secrecy, and the relatively narrow focus on individual inventions as the unit of analysis. We proposed a somewhat broader view of the interactions between different types of IP, where both substitution and complementarity is possible. In our approach, we abstract away from individual inventions to look at the set of multiple inventions contained in a product or a firm. When we shift the level of analysis in this way, we release ourselves from the logic of substituting one type of IP for another -a logic of tradeoffs necessitated when protecting individual inventions. When the analysis is instead focused on a set of inventions, opportunities for IP complementarity arise because firms may extract value by leveraging one type of IP for some inventions while at the same time leveraging another type of IP for other related inventions. Such complementarity may occur due to either production-cost or market-driven interactions, which increase the value of using different types of IP together. This view is consistent with Arora (1995) , who analyzed the use of different forms of IP on related inventions at the level of the firm, and with Cohen et al. (2000) , who found that firms appear to use increased levels of both patents and secrecy at the same time.
Our research uncovers robust evidence that the use of two types of intellectual propertycopyright and trademark -is strongly correlated in software firms. Our interview evidence also supports the idea that these forms of intellectual property may be leveraged in a complementary fashion. From a managerial perspective, this finding suggests that firms may benefit by paying attention to the complementary configuration of different types of IP to protect their bundles of intellectual assets, rather than focusing on each one in isolation. Both our interview evidence and empirical results corroborate the use of common indivisible inputs in IP strategies, expressly managerial attention and organizational resources, as an important explanation for our finding of IP complementarity.
Managerial Focus and Attention
Within firms, managerial attention is a scarce and valuable input that invariably faces competing demands. We argued, based both on prior research and our interview findings, that when managerial attention is focused on IP strategy, there likely exist complementary benefits in multiple areas of intellectual property use. In the software industry, far-reaching institutional changes in the early 1990s led to increased attention within software firms to IP strategies, as manifested by increasing levels of patenting. We demonstrated empirically that this focus on IP strategy also spilled over to the firms' leveraging of copyrights and trademarks. Our findings thus shed light on the creation of IP strategy within firms, how managerial attention is related to this domain of activity, and the result of nearsimultaneous attention being paid by managers to different types of IP.
Organizational IP Resources
Another hypothesized source of complementarity that we investigated was the existence of organizational resources that could be used to pursue strategies across multiple forms of intellectual property. Research has already described how the development of organizational resources to manage patents enabled semiconductor firms to increase their patenting intensity (Hall and Ziedonis, 2001 ), and we argue that similar resource deployments are also likely to drive IP complementarity. The firm's organizational IP resources, which may include attorneys, experienced staff, and internal routines, may provide fungible knowledge, expertise, and efficiencies that can be leveraged across multiple areas of IP, thus allowing the firm to recognize and act on opportunities for rent generation that span these related domains. Our empirical results demonstrate that these organizational resources, as measured by patent attorneys employed in the firm, are significantly correlated with copyright and trademark use, and partially account for the observed complementarity between them. However, the complementarity arising from these organizational resources appears to not be completely distinct from managerial attention to IP.
Only when we dropped Microsoft from the sample did we find evidence of a distinct role for this factor, consistent with the idea that in smaller firms IP resources are more likely to be shared across different types of IP.
Limitations and Future Research
While our results are provocative and provide broad support for our hypotheses, our findings are not without limitations. First, the empirical work is set within one segment of the software industry.
While software is an important, pervasive, and fast-growing sector of the economy, some of our findings may be inherently industry or segment-specific. It could also be argued that our results may be driven by unobserved heterogeneities among our firms, resulting in a spurious set of empirical findings. Our results are somewhat insulated from this criticism, however, because to be consequential, not only must these heterogeneities be correlated with our variables at the within-firm level and not be accounted for by our controls, but they must also simultaneously explain our finding of IP complementarity (reduce correlation between the unexplained errors). Another limitation is that we do not directly observe the impact of complementary strategies in intellectual property on firm performance. We are therefore drawing inferences from the "revealed preferences" of firms, and must be cautious in making normative prescriptions based on our results. While our choice of these methods is constrained by the available data, future work on IP complementarity may overcome these shortcomings by combining appropriate firm performance data with the use of valid exogenous instruments (Athey and Stern, 1998) . This paper draws attention to the thin body of work on IP strategy in areas other than patents, and offers litigation data as a tool to advancing research in these domains. Our work also suggests potential avenues for research that can enhance our understanding of the strategic interrelationships between different types of IP. While we have shed some light on the drivers of IP substitution and complementarity, future research ought to explore more fully the conditions under which specific types of IP are profitably used as substitutes, or as complements. Another potential direction for research in this area would be to abstract away from the single invention unit of analysis along the temporal dimension, and study the interactions between different types of IP for a related set of inventions over time.
Furthermore, our results provide robust evidence that certain common managerial and resource inputs may be in part responsible for complementarity in IP. Because we lack evidence for market-driven complementarity in IP, however, future research on "demand-side" complementarities would be welcome.
Finally, our results do not specifically explain why some firms paid greater attention to IP strategy and developed superior organizational IP resources over certain time frames. Future research can help us understand when firms react to changes in their intellectual property environments with responsive strategies, and when they do not. Mgr. 6 A "I think two things are tied together here: On the one hand, when a company is involved in IP--has an IP strategy--it may lead the company to thinking about these issues holistically. But some may not think about it that way. If you're a big player, you will find yourself in litigation, and because there are a common set of disputes, if you're big enough, you will be forced to be involved in all types of IP disputes. It comes with the territory." 
